AUG. -24' 05 (WED) 18:13 



TEL:9198622260 



P. 045 



PiUQ 02 2035 Q8:5B FR CI ST I 
^romb Hacnwsi 200] : flfi: D4-^ 



ICIST 



Bia 993 1395 JO 19198B22260 P.Q3 

— — g) 3QQI ScharoucT amha $rintg iin 

involved In the Control of Colluior 
Properties, Inpluctfng Anglogenesis -wiuiar 
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Mnmicify 

TtfjuB ftdnrOlr), rhe n^jorWtiBtorof Moodtoagulaiion, serves w 
mS" ™ Sm<h And iMlutasis. iR sovtttl 

models, w expreisjqti mcdiuei upreguliulon of ch» prQOMioseiuc 
wularendoihelial 8«>wftCM.or(VECP) di« cin directly on an So- 
JteUm cbUi p promole vessel ftjfiniltioa This occurs dirough lisaad 

m wauBn of Btfw* ftsmr aprasslon nnd Is mediated by IkhIi, coa^a- 

we and «h5 biolofiieal seitiflgs. Tf seems a sffea ceUularprapeaiu 

(i-xj) aj>d uimnibin and subsequem vUvaiion ofprittlnaM octivauH] 
rwepior (PAR) -1 nnd PAR-2. fli) diw. FWa a?naZ IS 
««iog«, „uv«ed protein (MAP)Wa«iw(fan,ih««i, SSZ 
ft Botyetidennfied rece^or. fin) ihn>u([|i imeneiian of FVll(j>pn,i«; 
brt« acuviiy aqd ,^n^ of thexyioplasniic domain a„d <iv) itop»h 

Phoiyhtinn of die I9nip1»mie domeia add tho patlmnyt eonii5«na 
Inboduelion 

■nai» ftfiiar, a 47 kD mBmbnne-locaicd glycoprotein n-7) it ibe 

and non-anzymuie egfacior for pKBms FVn(a) Endotfielial 
mid^nonocyteslnckdeteta^ 

dihow, *hlk exriavatcBJar alls in ihe .ubendolW^d layerrf S« 
Mdlofilett Aueiu,n» opan (torn i«now«iK. a,* of d.e Bi," toSS 



■ned^nl-ueblngciuls o-mMi. |ieicr,qoii>rai|ie 

3M 



inimedlBt. aarly ga^o u,», is induced during eall divlston (11 ij 
and upregulotcd dunnc monocyik diffemuiatlon (14, mZ ta 
|rained.Mle early jejie. TF is rapidly Induced In npoQtc to ihopJ 
tioJtottaUy relevant sdmuii lucii aa cynMnes (le-M). mSm^ 

w„ *n<5»od«^ (A0&) (39. 40), LDL (41, 42). and hyp«icSnJ. 
n«««(4^«) in a vyrf^ of cells, indudio^ endo*elW 
nwTFexprwslonrtself is ui«J««mype spcfJfK control ihicueh 
dJfcn.nr .t,nKnptK|nal m^y>. Tla lnu„cl^rion factor Spj ,nS- 

WJO) or by induction of dil&rent tnui«ctivaU«s tWMcripiion 
/« ^r^ftw H ^''"^^ (AP)-l/^ZIp.fa«.ili« 

65 66) VfiQF induced andoilieliAi TF M(m;ssioi,««uiy dttfeitfiom 
A« of InfUmmototy ,tlm.rli because li il madia JS^ JfS 

WAT) (68). Be pre«nee of diflbrent padiwstys Ja also Rlkct^ 
^tivation pnt^ps jn «,ponsS diSrSit^mS? 

cells, tbe half U|b TF |, „duced iq (he ptiWof 

•'«"''»*«>«loujcfc««iaBiQuai,inBliMamaiidnon-inMn^ 

ootnpa^ible with us ivjnlnUMi aa an immtdialo curly »ene in addition to 
te™ya«ooofeoap.ladon./«vftA,..«ii«.i„^4^^^^^^ 

w sijoa 1,^ (71 72) supports Th« fdoa diat TF fiHicdom v a irw 
tecBpior, althoujb K is qoi k„own, vhether Tf «hihlH 1«S 

miam of conauliition bur .1» as a lecep^or cDnimJllnii callutar mS^ 

Inflainmation ami tumor flrowdi. TTils is SHppon«i by the smS 
hcmology of TF to the nienjbe«i uf itt dhaT iMott^* SZS 
family (73).Thlsr,vie*wfll«™„^-«;i2^,;j^;j^^^ 

TF and VEQF ore Regulated uy Owrtgppir»B Palhwoya 
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filctoa regylatlng TF Juduto VECF trawcriptwa. essenHal for 
rumor gmwcti dnd wound heiOjng MP, 63, 74-76). Slmutcaruwiu aciiva- 
tion of TFand VBGFiMrtMTipnoq may. occiir because some Iranscijp^ 
non faciari urc Involved m the n:guU(ion of boih f/4-54) (TabJe 1). 
FuiihennoK. t|ic 'nP-FVUn corf^plex Mduces mcmbcrj of ihe AP-1 
fnimJy. w(ilcb in mm can activate TP bikI VECF iranscaprion (95). 
Buec} on obscrvwioMs, it js isxplaiued why TF and VEGF Art 
dD-cxprea^fld under siinUar caidiiiuns (96) and in some rumors (97). 

BiDloeicg) pnonomeno und«r Cbnlral of TImua factor 

Since no hum^n disease baa bdon qttriliqted to It defldeney ofTF, it 
m been sp^ulaied ihnt the compkfc los4 ofTF is incompailble with 
Jids. Some smduis have aboivu dw cnidal ralo of TF in embiyoak 
developmeni. and have looked at adlular diacribullot) ofTFdurinB 
erabiyofiencsis (MX Ac curly siagn «f. murine (6.5 and T.5 pc) and 
humaii (sta^e 5) embcyonlc dewlqpmem, there la a strong expresaion 
of TFin both ectodennal and emodenmU cells pwticalurly in opitheb'ol 
ftiws with faisb leveJfi of motphofianeiic ncdviiy. While FVfl endgen 
wold not be deceeted dnriflg early cmbryo^enesls (97). ihc presence of 
FVn tnuiscfipta a day 7i impltartes that sraal? amounts of FVIl might 
alreaoy be aveilable to bind 10 TF (99). The rak of TF as a moipho- 
fifinede fic(or wa^ fmikcrsopported by atvcfal smdies, deron^tmlnff 
' <iiwwpriDn of dm TF ^nb in mice pssulu In enibiyonlc 

Minqllty ( 100-102). Tlie embofonic phenorypa was charactcriicd by aa 
ircreasad fmgUiiy pf the cndQUmllal celMinfidefaaQnefi in the yolk wc, 
which Tvptured when blocd pitssure increased around day 9 of geslailon. 
FojTnau'on of ralcwancwysnis wii bfqod lakes rtsulted In abnormal 
vitelloambryonk circulation, eaiensivo hemorrhages Inw the yolk lae, 
]os8 of bireetiiy (n ^^cra^smbfyonic iluuen and sqbsequeor embiyonlc 
my Leiballty of TF(-^-j roke, thereby, substantially differs 
ffom thfl bJccdir>2 phenoiype obsctvod In iibrinofen deficienr mice 
(IQ3) thus suggesilnfi a hemostaais-Jndepondenr ro\t of TF during 
eitibryogencsls. which is toiler suppoited by olber studios (104, 105)' 
bince obnorfnoJ yolk aae vasculature resembles in pan the phenotyp.: 
found m VLCF-dflricIeni embryo (106, IW). ii has been au££e«ed 

l^Trn "/ ?l " '"'S**^ ^ iiitenelaied (96). fn one 
stuoy mn\ TF i-U) cmbryon, a tow peroenie^e of the Tf-deflcleni 
ertibiyoB escapod embiyonic Jrtbqiity and survived to birth, yet dying 
shoitly aftar dne to ledioi hflmoiThafirt TTga shiyws chut seiietjc 
compenaaiion can occur and udJuM TPdefrciency for a limited larfiod 



of time. Compeniatioo c^n aJro be confaned by a hrnnon TF mlnlgene 
which can rescue imirine TFt-A-) embryoi fmi emhiyonic jathnliiy 
(104). The rwpircmcntof TFto maimain itw nrgctiitaof theplnocnial 
labythuh and uterine hemoaeasis (108) iniaht aJso be teleied to hs 
proposed non-hemoatatic functions such as ra£u2aiIon of pratsase gene- 
ration, iQiaation of FVJU-dependent cdJulor sifinaline (109) and 
raoduladon of cnllular adhesion ( 1 10, | H).- 

IF Q» 0 TMgger of GrowUi Fdeior Productfon and Vlfound 
Hdaling 

Induction of TF by igftokines, growth factors rmcluding VEOP) and 
platelet or tumor daiivBd praAicrs (29, 68, ni-U4) resnlis intho pro- 
duction of fibrin and sequeniifil acuv»(oa of tissue pJasmin^mcn 
acilvwor [(PA) and pJosrain. wWch promote the degt^don of matrix 
protons, This h a vital flcep fox the miration and spioudng of lumor 
cells and endotheUa} cells during aniriogenesls (JI5-U7), tumor 
STowrh, motasiasls cod wound healing (UB). This laise^ dicqnestion of 
wheihex TF porticipatss via proteases generated dowiuiream, or mm 
tflrccdy. Tbe interaction of FVII(a) with TP Inducea traascripcioq uid 
expression of growth factors euch as amphire^ulln, hcpirm-bfoding 
epidermal arowdi fiustor (EGfO. connective tissue gtowd) hestmr 
(CTCF) and fibrobJasi Breath factor (FGI>5, as well as pzoinflamnii- 
roiy cytokines (IL-lbeia, ILp8, Iculccmia inhlbbory faoor dlPU and 
mocrophosc ionummaioiy protein (MIP) 2 alpha), transctiption 
(c^fos, eg^l, and jnyo) end ^nea involved In cellular reor^aniiiadon 
and migrolion soch es qcokioasa-type plasminogen activMor ceeepior 
(uPAR) and coitugenofies 1 and 3 In human teaiinocyies (95), and 
Cyi6l and aCF in fibroblasts <n9> All of these gertes are itlaied (0 
woond hearing (JIB). A cycTe exi5ta with twpcct 10 TF and VEGP 
since each <an induce the other (29. J2W23). The patrem of genes 
Induced In keraitnccyies and fibroblasts ftmber supports ihat the 
TF.FVH(a) complex mny play an Mtivc tofc in curly wound repair (95) 
A irant study showed the interplay of artwih factors, coagntnrion 
raeiors, and eell migration during wound heaUng in a wound model of 
cuUoted endotJiofial cdU (I24). Calla awijy fmm the wound intemsJiza 
VEGF V4U rotxptDf-madlaiad endocytowi and transport VEOF to endo- 
somal compartments; cclLs at the edge of the wotrrd npidiy tmnslocntc 
VKOF to dia auclcui. In iho Intrcr, levels of wound ticullag related 
prmelns siicfi as factor Vll], TF and iPa rapidly and dramatically m- 
ctaisa (125). Thui. the common pathwqy of rtgularjoa 0/ VECF and 
nta*"-S llinf ^ ^^^^ ^"^^ MniiQJIed by or con- 



PA6E4»56'RCVDAT8/24l20KS:02:01PMpstemDay|jgMriine]*SVR:USPTO^^^ 



AUG. -24' 05 (WED) 18:14 



TEL:9198622260 



P. 047 



nUG 02 2003 0Bs57 FR CTSTI TCIST 
Tliromb HBPi|iAtt20Qi; Qd: ^34-45 



BX3 QB^ 1395 TO 13198622260 

— -'I* • - . .... 



VasciilDgcnesis, wound hoaling» cumor and rwtasaslsdo not 
only require u coordlnacu rDgul^tlDii of cell growth 4in(t matrix process- 
lug, rlity oJao »quiie ccW mismlion (11^). If under come drcum- 
stanccfl, TF would piny a rolo as sui^ested above, one ivould expeci ro 
Hmr situations and meehfliiicms in which TFwid mffiniilon art coupl^u, 
ConsisEfiiuly* ihc mpVtla cojiiiplwc has bcco ikmanmiai to ethlbii 
chemottcHc iziigfQiion uuUvlty for smooth mwck cells (126) and 
fiancruullc cancer <clU (U7). hence numickinfl thu effect of plawlel* 
ijenved growth factor (PDGF)-BS nnd hFGP f 126). InaibatjDn of 
(Jb/oblaata wiih FVlI(p) bUo rc(7uces the PPGF cqncenmition requ|/td 
K> srtmyiaio flhroblast iiilenillon by lOO-fald ()2fl). Fiwhcrmore, n 
rcceni snidy doinonsuws iUi TF-dependanf mignirion of rm sf»ioo«h 
muscle cells can occur Indepcndenily of FVlla (129). Sinoj viujlliiui 
vttiicJa from TF(-/-) micfl were deficient in smooth muscle <k-m\n 
tApmm^ mesenchymal cells, U » supposed that TF Is mo\^ for 
smooth mBscIc cell (SMq recnutmew (96). FunhennoiB^'TF mttliaciis 
ihe cfCKsing of nmomideAr pFiQgocyres Through endoiheliuni m [he 
bw5al^x>-apiCBj dineciiQn Averse t|Ansnu|ntion), wliii^ lesenibles 
mii^rtkrion across vascuJar and lyraphodc Andotholium during arhoro- 
sclerosis aiKi nsoluitOA of inflamnution, reapeciively (1 1 1), Migration 
and poiarizailon mvojw cDanflftS in tiw cyiosIcoIfiiiiD. Bmh bttttcelf ulsr 
aififloluis C](crmllul8r Jotemciioiw cun induce ccU mlsrauon. 
TF disirihuffoQ on pnlarited cdln tlsnificanily differs froni cells wirh 
lew pol» morphoiaiSes (130-133) and cytoskeldaWlnnipring 
reduce TP expression (134), A moificulur paUiway by which TF might 
suppon cell mlflraiion and ce||u)ar t«/fiefcing Is (be binduig of acdo- 
WndiDS protein (ABPWSO fllamin-1 to ihc cytoplasmic domain of TF. 
BeoraitmcM of ABF-ZSO results In the rcor^ttotion of mv\ (ih- 
meats, cell spreading nnd xnlgiation (j lO), These alTacis ore mdiQted 
by In ergons of the TF cytoplasmic toll with cy toskdetal odaptor pro- 
icirti (] 10), and ihufi might explain the ftiflction*! slgnlfTcancn of iheTF 
cytoplasmic domain in m^twtqsli and vasculogenuls (|Q9, 135-137). 
li IS unknown whctlier phosptioiyJmiiiD of TP plsy^ a roJc for inter- 
action wiUi ABF-m PiinfieTODit, the osbocIbUoq of TF with elements 
of the oyiosltelcion is chv^ta irtdynnrofc znembrnne mgionE of spread- 
ing cells and the modltiy of ihe^^e cells ean bft ihcnasisd ^ inciibattnn 
"vfih FVII(a) {il2). AUhough Ihe exact Stiucniral conponeaia for 
TF-dependeni induction of migndoo and Jzs in vfiw eniueauenes 
remain unloiown, there are sevu^a} siuiaiions when this pmpeity may 
be operndvc These InplagQi (j) during wound heaJiiiff and in flfterio- 
scleroile p)u)ut») in wMcb TF-rich regiona ute orao 1h«e showing an 
Inoeue m smoMli muade eelb, fO) In cmbryogenesis, where TF(^-) 
mousp embryos show cttducvd reciuitrowit of smooth muscle ectin 
pofiiu va colls, pnd Oil) Jn solid tumpcs, where tumotvi TF could partici- 
pate in angingeneais. nunor gmwih and netaiiasia. 



have itponed lUtk Qbvjoua corr^lwion w/th mnljanant progrcsaian 
from jn bim icsiom* iq invasive cqnccr even ihotigb epjtlioliaf ««$ 
exhibited TP immunoreactivity (|5i), This h In QcoordDQce with ihc 
observation (hat prolitWutivfi and differentiation ptocesscs in Ukt mum- 
mwy ginnd an associated with enhanced TF eatpreswon even in die 
absence of malignancy (144). Therefont, m may apeculale tiiatcoftic- 
lonj ore needctl to turn physlplogicul TF expression into a minor ciowili 
ptomotlqg ovent. For instance, glioma cells eeneroie thromhui in the 
pnisence of coagulation factors; thnomhin then indpues glioma etll 
proliferation /n vjtro, while TFon its own has no prelifdiulivc dffeci 
(MP). Tlw failure to est^lish a cotinlation of TP with the proiiferailvc 
activity or the Invasivd cbqncrer of human pliuliary adenomas (153) 
and dis obsemtion thai TFC+f+). TFl+H and TF(-/.) lerotomoa and 
osratQcarcinoniai are Indistinguishable widi fcgnnl to growdi tn vilro 
(154) fuither impKes that expressjon of IT and the cellMfcir phenmypes 
assodaied witfa TF reflect iha dijfe«nccs in natmo of veriows native 
lumoni. TF, however, is assoclaied with enhanced in growth of d 
vadrty of primaiy tumors cells sudi as human pQncreatic carcinonia 
(Id5) and human melanoma (122) cell lines. The finding thai nlttm- 
nons of TF levels 4fl not affctc tlicprQllferoiion of Mcrti-A sarcoma cen* 
IB Vitro, but cffetrtiwly imJuce M«h-A aaicoma growth k nrw (122) 
indlrj>rc5 rtioi TF Is Involved Jo nmior growth ai least in soots runiot9 
via iis effects on anglogonosis. The capaeiiv of TF to Iniiime fibrin 
fottradon resuldng in plasminogen aciivailnn msy ftinhet contribvto to 
lis reported offecia on angiogenesls and nimor InvasivanBss (96i 15$), 



TP ia expf^sKd on the cell surface of a variety of solid tumors, 
jpunlculaily those of epitbeUa) origin (97, 138-140). in many tumors, 
TF capresfilon PoiTsIanss widi ihfi historoglc gmda of maligmmcy 
(141-144). tumgr Invaslveneis (145), rauJiHrog lesiatance (146) and 
prognosis (147, 148). However, in some tumors, such as gltomo (149) 
w|d braust canewF, comradJcfoiy results have been described (150). 
Several swdies tfcnwnslrate diat recruitment and/or ociivailon of TF- 
e>cpn«sin{ fltromfll ce\U is Indicative of a progression to invasive brcaic 
coricur (151). Cdnaiaicrtly. TF hui been locrUkcd to vuacular endo- 
nwlini cdls aed tumor colU wdiiotlie tumort of Invasiva breast cmi^cr 
but npt in fiUwyfliic diKenie of Ihe br«as( (133). Jn conimsr, otheii 
336 



Many wmors, especially diose of epithelial origin, arise as svascuhir 
massoj and vascuJariMdoo is r«piii«i| for fimher growth and auivlval 
(156). Clinical dam suggesi a relation between TF and tumor anfiio^ 
Bcncsis. The mosi direct evidence comes from the conrfatlon of TF 
expttssion with cbn nucrovassBl density, whichis an established markfir 
for tumor nigiofieAfiSia (I2a J43. 148). A coTTehiiion between TF and 
VEGF has been deseribcd io various human wmots (97, 120, 152). 
Aaiplflcanl relationship between 'FFexprewkn and the Bxpressionof 
VEOF was diseovQted bi paiieras widi non^small-cell lung carcinoma 
^d la supposed w servo u prognostic and pitdklive ftetor (148). 
Riiihermore. TF and VPGF hava been co-tocalM In vascular endo- 
iheha! cells ontf furaor cells from patients widi bittont cnncer. diercby 
supporting the hypoihisals that tumor ceDs and nearby endoibtflio) cells 
might interact In nifiuJaring vessel forjnatiQn(97, (52). 

The observaiion thaiTF h ao hnmediato early gt»qe acdvnted when 
cells start to divide (12) was at fit^t jn contrast to die finding ihat TF 

f '^"^ "^^^^ ^^^'^ ^^"^^ prolifenirtofi in viua 
(122). When Meih-A wcoma cells wena stably-irwisfccied whh TP 
plasm\ds In the sense or andsense orienlarion, or with vector alone^ cell 
growth rates of all cell lltjcs were idential (120). However, when duse 
Meth-A sarcoma transfectanis wens implanted into OH-mico. wraor 
etilfl dial QveraxprcBS sensa TF grew more lapidly (132). The diffcience 
between sense and veoror irimsrected tumora was aiaristwally signifi- 
cani ttighi days after tmptaniaiion. Co;isjs(e« with a role ofTFin pro- 
motinff tumor growth* die growth of tumors expressing TF in the and* 
sense cnenradon was remarkably reduced and tignlfieamly diJIhred 
ffum TF ceniio tumors already al ^ay four. Since this dTccl cixild nut be 
explained by on increase m prolifamiioq, it was aufigested thai TF may 
regulate angiogenic propeitira of mmnm. This hypothesis was based on 
several observations. Piniily, the vascularization evaluated by vessel 
dcnsuy and blood flow was gneacly enhanced In aanie-TF traasfeeied 
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turnow biir signiilciipMy reduced in i^ndscnst; im^mi when cpm- 
jiural to vcciaMruisfiectetl <soriUQr Mils (Rg. I). Secondly. VEGF 
mHNA and pmiiiin ivcre upreguloled in almost qM TF overexprctting 
cdU w on4 in WTO. oltboigh sorac cdls foilwl ro deiiionsumc In* 
creased VfiGF produalon {I2i. 122)/ finally, br^fi bl^yid v««ftls 
deinonstwwd a remarkiible imooih mu^ck c»*flciln positiviiy (P. Now- 
wrh. uopabjished observmion), indictttJve of on increased racniitmfint 
Of smooth ii\mk a-^m tApt^ing inMcnciiymaJ c&\h lhal poriicipute 
Ui the DCBuiiMUDn of (he vessel wall. Gesicteiheiranglogenic acilvitlcs, 
Me«h-A sqrcojua celfa ovcrexprwsing TF auppressad tho aml-flnffio. 
jenlc nlokcul^^ Dirombospondiii, dils Oieicfpre Ghifted rhe lumor tissue 
uflidirtcaofiiUly lowjrds vcjstil fgimation (123. Jht rote of TF In 
uimor anfflogcnesis. hawaver, is stIJI controversial. While some Inwu- 
rigfitOTj have rcporttd u significant cot7«)atioii Isctween TP and 
vEGFm hiiniun rwbpoina cell lines (IJlX oUibrs have deiiiDn$tnited 
m\ increased TF expresslgn does noi lead to iivcreascd VEOF expnsN- 
sjon in human rac/anoma cells (135, 154^ TJicse contntdictoiy tvw}\6 
Hre. 31 kqsi In pQTt, exptoincd by dirferaiiciss In die methods usei Abe 
Dud L'olleajrues usedprepafi«ioii«orhmnpnmfilMflimtcttIU. pccviamly 
characwrizt tl ^ m TF- »nd h'lgh VEOF^roducen or us low TF- nnd 
L^^*"* Prt«lwcri. rfispcrcdvdy. When diii» cell Iine$ were Inocu- 
ma \m mtm pombJned immunndeinkleni (SaO) mice, the Wflh 
TT-prodiiclfls coll liniiv genciated highly vnscularwd wlid tumors, 
while low-prodwcers formed relatively uvasculurtirmons. This indicates 
that fta cortBlurion beiwccn TP nnd VEGF is also seen in vi w. Upon 
trijwfeaiofl y^nu TF ovewxpft«s jqg p]«nUds. ihu low TF/low VEgp- 

?m ?^S!il? "^"^ ^"^^"^ ''^ ^^^^ I««*"*==f5 l»* TF find VEOF 
CUl). This Indieptes ihM TF mfaht dlrcaly affeci VEGF expression. 
TO define the structural requirememi ftr rhJ^ Mpreculoiion. TF-pIns. 
mm containing a procoagulunt ddfeedvc cxtrncaltuiiu domttiti or TF- 
pl«amldfiwithacytopIflfimicde|e|ionwererninsfec[cd.Cdls^ 
procoagutani dcflciem TF induced VEQF In ihe samit rwge Oii ce«s 
ovc:«xpneidini, fu|| TP. m conlwt; irqnsfcctnnu with the cyto- 
pii«sm(c igj] deletion. d<sinuri5inuecl u slunificwdy reduced VEOF 
pre^Mpn. bui no redpcilon in TF ei^ircsslon. This indicates di» the 
^loptalc doHLiin I.H required for VBQF exprualoh h^ow) 
Bmrnberj and coworker* perftrmed simikr wudiw, but low 
i F-produLdr* thiU mns noi chiirnc<er^«ed by dieir eAdogenobs VEGF 



BxprcWon ctpnciiy. When lho«> colU were cnglneentd ro oveitxpnss 

TF, nn effect on VEGF dxprvwlon end vascylurisndon was detected 

f'f yiffQ and tn Wvo (135>. In Addinon, die incrc^cd wfi^miQ pomtidl 

ohflerved in TF^veTBjtpressfaig cells wiks dcpendeni on bodi the extto- 

cellulnr end the cyioplnsmic domain (135). This implies thiU Ac «- 

nctic bBckgrtiund of the meliwoina ceil lines m^y dsiermlne w}]e«er 

TMepcndem or independent QqgiQeenesiji acciuq. In thisconre^i, m 

hove observed that noi all luinor cells which W derived from the same 

pAienul eell In rin&le ceN colonies respond to *e ovdrtJtprcssioD of TF 

by ifiducing VfiCF (P. Nawrath, unpubliihcd obsermtion). This in wra 

tnvlles ihm tlie awlich of tumor eel Is to be rasponsjvc to a TF rm^uied 

VECF \^iijMm my be contralled by the samo mechanisms diet 

switch a tumor to an englojteole phei»type. HiBrefore TP pt^^ys o role 

m tumor enjjloeenesis ai leasi in some mmors. but U k d^fiwiely m die 

onftf player diat eoiuribtiies to vesseJ forniadon. Consisiwdy, in ihose 

nifflor celJi ihet arc Incapabia of expressing TF, VEGF tmnscripiion 

WftS not completely abolished (122). Tins recemobMrvftiion du» lymor 

growth, lumor frequency nnd tumor vascqlarity of (cracoma and lerfiio- 

orcinomo cells hickinjj TF do not differ from ihese observed in cells 

ihet express TF supports ihQt additional ftctors are <^dve in atekh 

fienesis and tumor vtecMiarlzatiim (154) luid Is consistent with dm 

chmcniobserv«iDndiat.some(l20. 148) but not iUltuni£irs(M7) show 

c^MocnlBBtlan of TF ^md VEGF. TUb Is fiinher strenotiicncd by the 

finding *ai emb^70"ic icthnli© due to defective vessel formation 

cun bo corapensnted in a small nmnber of TF(-V-.) mice (102, |S4) 

A funher level of conqil^KiLy i» readied by ths fnct ihat possible 

meohQni^mi by which TF iiniuPM lumoMifisopiated sngroflene^ via 

VKF era thought to be coatroQuU throush FVir(ft)^dependenr and 

independempathwflys. Remitrkably. activudoit of conaiilntion iisetf can 

? S.ir"l*.'? ^'^ ^^^^ ^^^^^^ "fi ^ nch source of 

VEGF. wblcl) IS Kleosed by agonists such duximbin (157). {md thus 

P>«^l^i Q^^hMlon 

to endoihelifll ccUa (157X Thus, tnmor culfs misht ensure their own 
blood supply ibfouabTFndependent dirambin ijenerDhOn. IqciU pMet 
.ict,«de« reUr,« of VEOF uDd itsnhant nn/ogenesis lU:>X RjrrtSr- 
more. VEOF stimulates BC lo induce (29) ^lod expose TF (120) und 
ihns pcDmotes thiombin eenemuon. TTirombln forms qn eximcellular 
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fibrin bnrrier, deBireyi Cid hus^i niHrobranes by acdvailna profieloti. 
sm&^^ aqd ihw qJ1o\w pcolifcrailoa ECa into tho new cumoral fibrin 
inntrix (139). TfiroralJlri-d^ptorfeiitinihjctiQn orcndCHheUa] ^ell protir^ 
cation po!enUatft8 dfm. Bus, there we seveni jKuhwayfi Unklnft 
TF And TF^UiiciacBd flfiii vuioD of eoasulaijto to ugloscMji. 

Tn ttm^Xy TP wpresai on is irwe CQminonly oteerved in mausfatic 
nimors (which aie frequertHy nlco mon angiosenic) ihan in pdmoiy 
cancer (i«>). This hni been d«monnrnred ui poUenti with matqsftjpc 
polorecw] wmoT* (247, 160), nan-smail-cell lung carcinoma (161) wid 
bruttdt cqncer (162), -Rie outcoitie m itio TFposiriw groups was si-nif^ 
Icaniiy wQ«fl ihan ifq« [„ TF^negativa gmpps. Cwiawiemly, ireaimeM 
of mice widi thff diramblii inhibiiorhirvdin reduces puJmonani lumor 
Medlng after Ull vein iqjealQn of nwlsnooiq cells Similwly. 
blocking coagutiwon at iho Java! of TF, FXa or thnimbin inhihu/tf 
heraaiojeflou* tn^mwaais fa fiCfO mic;c (164). Tnereforc. ihc role of 
prDCoaeurmii uaivjty in Oio niciafitaUc ftinction of TF u^as CMminiid 
m eenBiieally «>5(itecnid cells axpre^inj definaT amounts of TF 
Ajnuwrn fonn of TF. paninlly defcfiiivc M procoggul.wit qciivihi 

- ; ^^.^L'i'"'^ '"™P*'*'' pracoagulflnf activiiy nilghl r»oi be 
involved (iwj. However, mumilon of the PVIf-binUioff il^eii, which 
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sutoeqnenrtjr pii»«miafi TF-PVJIa complw fqm,aiion, lifloifitiintly 
iKlucfid mmsmia in a human laeiauowii cell line and cImHv deimif 

Tf aiw/ (Af IlUtgriiy oftha Vauular WaU 

Tf plays 411 impocftint tale in i|ie nuintenuce of the Inisimiy of fta 
vMcui.^ »,iUI {0}. Under physiolaaloi condjUons. endofttlj,] iut do 

itelial cells lining die tumor vasculuuro and has beat demoaainMd ip 
pftiy a rc^ in ihromboslj mediaied rumor wwosls iluqnrh diivcdy 
blocking blood supply by fibrin cenerattoQ (22. 29. ISA-m Funhor- 
nwro, TF^./->mic«. tlmt died between E8.Sand 10. J. exMbted a lidc 
of Konrwl intwocrlun between peri-endodiolial «nd cndodielinl cells 
«pec^ally .n .he yolk .pc vseulaiun? (lOOj. Ui, defe« in J«5S^te 

lumeiu and rormiUion of a »lnste, lergn Itguob (100) und supnons die 
importom »k fei' TF in dcvflopins tndAtr nHdntoinins vascular Inie/i. 
nv. aorti apoproil. ond TF dtf-wryptiQn ttt mxiuai m ciSl 

dwiial aw nbwblust apopto^is wens associated wldt do^aefypMOB of 

wall la .n,bo,oge«eal!.. probably by orcboHraiina tte .i^nilmancofrte 
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endoUielial lining cells and by tfjulaiihg of Woad flbw, Ptomre siudic^ 
will «how (He mechanlsrm linMng t^ptipiam to TF, 

Mechanisms by which TF Affecto oeiiuror FunciioDs 

Th» mechortismti by which TF panicipotos Iq dngiaaenesis. vtml^ 
gcacsJs jind tumor growih md invasion Art not y« ftilly undersiood. 
nowtvcc, U appears (hat QXtra« aitiJ iDtracclluar pathway* are involved 
wWch cw bo dependent or Mependrm of FVHU) Ilffaiion. The divo^ 
siry of jwmwayi idm»in^ lo dure JViairaies die compjtfxuy Qf TF 
slfiwJins, which, in addition, Isdependenc on iho csll lypfti (Fig. 2), 

TF-depeiidrnfimiom with FVIla^cp^ndcntAahKiUmi rf 

Coagahtlan 

Rcccnl £tNaifi$dfir»Dnsfrnie itaiTF j$ Involved in VECFcxprcMwn 
to fllbtobltolii ivUch Ifl dtipfsndcm on ¥Vm bindfni; nod ibe acdvaUon 
of J^a find rfiromfaln (175, 116% ConslwcnUy. rccomblnam FVlIi 
ftUed p induce VEGF oxprasijjinn io clie abacnci) of FX, whild puriQed 
FXMbrombin or PAR-I litdupad VEGF upreasJon (176). TTwombia 
and FXb also lotfuced MAP kinuais activation, while FVir» did not in 
Ibis model ( 1 70. Since TF/FVI|a induced MAP kinw ectivaooa was 
Alfio proscnj when cdls were Dramfeeiad wiih a cytoplasmic dormin 
dfilcifid rauumi, direct FVlh sijinaUn^ via the cytopiasmlo doniiuu 
could k cjcluded ood suflgfista the inVbtvemem of PaRs in cellular 
signalinc (176). Hits correlates with ibeficoem obMrv^don mat in tfae 
ptafcnce of TF wid FXb, ploomolv Gonceniniiioiis of FVIIa aie suffi. 
dent to aetfvRie PAR-2 indp to a ksstf txwr\u PaR-i m endotiMa^al 
CCDs, flbroblcata and keratlnocyitat (177). In die presence of tugb 
amoitnta of TF, TP-FVna proleue signaling fiinber results Jn direct 
flciivadoD of PaR-2 thot is Indepcndotfi of FXd or FIfa and thereby 
conirihutes lo endottielj^)! cc^i actjvedon.d??). This cheda Ugbf on rhe ' 
fixpeiinicn appraaches by winch eeDa i« epsineered to overexpreas 
TF» as tliciie condiuons mqy nctivalo si^M transduction pnihways ibat 
do not Dtcur uqder pbysjalogical sedings. Ii H unknown wheifaer 
FV|l(q) andA)f ]t4 procBolydc aeHvi^ wquired for ambryoflenesis, 
^fncc ai vqry wly ms^n TF I9 lyipmftfid, bm FVII-andgeo ia nor 
fSr ^ however, demonacraEes t2ie prtaence 

or FVll mioacnpi^ during early embtyogCDeala, implyinff dm smaU 
oflioun^ of FVR nslghr be av^lablc to bind 10 TP (99). In addition, low 
levels of mfliemaJ PViinijcJnalsobcnrtivaiBdbyeinbTyonIcTF(10$), 
Ltrokinj BC die sirociural eomponcnfi of tF involrad by inveniitatlon 
raumot hTF minlgane rwcoed mTR-A).iniC8. h became evident Otai 
tte cxtaiccllular damaln of TF, but liotiiu cyiopIaamJc tail was in- 
dttpeDsable for lurvivql (lOS). Pne to aimilaHdea in the Ictlialily of TF 
prathrombln H-)mi FAR-i (V^ niice, It h speculated thai TF 
mj^ fiinction in embryogenesiK ihroufih.aenerarion of ihromWll and 
aubaeqnBm acbv^tjon of FAK-l depeiidcDt intracelluUr signaling into 
me yoUt sao n05). Tolcen tofintlier. these d^ita susseat diac VCQF 
exproloii is rd£iilaied diratigh pxa aiul ibnimbin via PAR^l and 
P03fiiblyPAR-2. 



Cammm widi ibe charoctaiizarton of TP as n member of Uie class U 
cytokine receptor siipcrfaiofly. direa Intracellular si^nollnff (indcpcn- 
fljnl Qpdoiwatream fomiqiion of other proteases) in celb exposed to 
L^.^'? u ^v"^ ^" of TFe«pri«ins cell lin« {endo- 

ihelifli ceUE. baby hamaer Iddney (OHK) ci>ns. the human bladder 
nrelnoma ccU lino toatlnooytKi, piontoy kidnoy flbrpblastB) 



(71. 17«). Binding of FVIIa [o cell surfncc-j^jociated TF resulia In the 
produtitioq of iniQcelluIor signals Aiaugji cytg$o|ic calchim alteration 
(7[>, Cramient tyrosine pbo^hbrytaiion (179). MAP kinase acbvullon 
ri78, IffO) and gene tranacripiion (58. 051 The mechaiwwn for TF-FVUn 
induct aignu! tninflduciion acmM <hc mombraop \$ not yet known. 
Several «udj« have damonfitnited that the algnal |nim»ducqon paA- 
way* induced by FVIIa dJITer from ihode induced by frypjin. thrambin 
Or RCa (71, 175-177, l8l-IB3).Thc protcolyile Mtiviiy of cell-Oound 
PVllfl ja required iq induce inimrelluhir octivj>, bur FVlIa-bound TF 
Um 5ubji>ct 10 ppDteolybifi (182). In UHK, CHO nnd MOCK colli, 
FVlIa-dcpcndont ceJluJar signaling is not mediated via known PARs. 
« may, however, involve proieolyilc cbsavoge of a yet unknown jneiu- 
bcr of the PAR family (IBMas). Thus. TF ioldated aignarun can 
occur in aurocdne or poncdiu manner. Autocrirw ajgnabng oceora. 
wbw TF-FVJh mediated signals m tadopcfldem of activation of co- 
agufenon andituncied 10 d» TPoKpRsslng^flij. PanKrine siflnaling is 
possible When proteases diataj nm FVlIam foraied, these being iible 
to dicruse nnd tut on ndghbodng coIIb. 

TF-dMptnamSigmling w(ih FVUa ana tha C^opiasnne Ihmain 
o/TF 

The TF-dependenc metaitatlc potential in metanoma and CHO cells 
is subMantiaily ntduccd when di^y ore tnmsfccled wilN uvRoatBd cDNA 
of IT lacking its cywpiaimic domaiu (136, 165), implying that rtoTT 
cyloplaamic demain fs actively involved in TF utedfated metasiaala. 
Tlw cytoplasmic domam of Tf contains ihree serino rasklues wtiicb 
can potenTially strve as acccpiar ^iias for phospboiylatfon (IM. im 
Serine residues 253 and 258 have becndemonsEaned tobe phospboiy- 
laiod by proiBin kinara C (PKC) {184» IBQ, PKC b activatt^d by In- 
creased levcU of intraceUulur caldum (187), and PKC iiUdbitors typi- 
colly reduce 7Te,pre:ijLon (184, 186, 188). The«tfcre. ii ia luppoil^ 
inat ptiospborylotioff of the cyrAplssmic region nughi confer FVlIn 
iniii2ted bitiacellular signaling. However, it la not yet known how die 
W^?^^^^ ^ transmlwd to die TF cytoplosmio domain 
{m 130. 165) and which odier protein Idnascs may abn be Involved. 

Tne cyioplasn\ie domaJn-dependem aignatJing obteiVttd tn lha pro- 
nuiosiatie function of TFis indapendeni frompi^ieaH-mediated MAP 
Unase acdVaHon, since neitfaer pVim nor FX* lignlfkanily acdvaie 
MAP kinase activity in TF imittc^l CHO cells (109) onddelcUoii of 
ibB cyroplasmie donjaJn does not affcct FVHa dependeni MAP kinase 
Bcrivailoq (t7B). ft mmaJns to be Studied how FVUa trijgcra signals 
rrauiting In TF^hosphorylaiion and whether aoroe mmor ceUs are 
phosphorylatJng TF endogenously, wliUe othen do nor, potepdally 
explaining some of the diverging lesultB presented abovt Funheimora^ 
the lole of phosphorylation in die intemctlon of TF with oylaskelaial 
jKQtelnshasycrtobestndled. 

TF-depij/idMSlsnafiJii with Cytopiosmie Domain t^TF 

I JL!°"I!i'"'"°' ^^^^ « indepcndanl of exogwions 

iigands and proieolydc dgnofing, Studiea in Meih-A ^ercoma and 
melanoma cdl lines demomimte that ovenxpieulon of TF Inducea 
tumor giowdt and aiigioseneais, oven In the presence of dm aniicoagu- 
iflftl warfariii or the dirombln inhibitor hirudin (122X Although It is 
noi yes known wticdicr ihesa tumor cells aeercte aoother TP Itond or 
«J«her tumor cells overexpreasing TF am eopable to mediHtc TF 

if "?*^"£!f'*^' ^^'^ ^^^^ 123). these data 

indlcflla lhat TPmay uduoe signaling ibraugh lis cytoplasmic domain, 
i^ynhermow, trnnstoion of melanoma cell linos, chamctetlzed as low 
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TP- fliu) low VEQP producers, :wJih levcraJ muuutfd forms of TF 
demonjrnTed that cyioplusmic tail di^lccion icsvlccd in a slgnincodt 
wducriqn of VBGF ^ifptessicn, while TF synthesis by *e lumor cells 
wu not altered 021). b conirasL a ptocoaguloni dafectlve TF mmnm 
mniniuined Us VEGF inducing lability in ihj6 model ComUunitiy, 
qeiUKr FVIla, FFR-ck-VlTa nor hinidin affccifid VEGF cxprnslon 
(Ul). Furthcnnore, incubation of luinorcellfl wichflne:icesior«Qii-TF 
Anribuditifi (blocking its pncoaBUlant aoiviiy) or bdu-VEC^ omi- 
bodies. QbolbMng VfiOF dependent TFintfuedon,- Abo fmled ro uihibii; 
Visap expitssipn (97). ThereCmi \ht cytoplasnUc tail of TF seems to 
be esHRtiBl nnd suflicieni lo induce VEOF in seme mchnonQ cell lines 
(121). Ffcilmliiaiy dam iadicAic fku the MAP kinflse pathway is lo^ 
volved in duA cyiopliuvmic signoling m the MAF kinase Inliibltcr 
I^b9e059, but not PKC jnhibiiDi:^ Wdi ns amwrtwpwn abolished VEGF 
Indaciion In melanoma cell lines overexppBssing TF (F. Nawroih, 
Mnpqbti'shad observRnon). It is pot yer known, whdher ihc MAP iuiuise 
phosphoryljues ibe TF eyioplaonic tall or whether it Is involved in 
a signal distant fiam TF througjti an as yet unldemlHed 7F triggered 
signal. TF rtfipilnss correct luidiocagH into iha raembrane. which can be 
supported Isy neuzml or ne^dvdy chugged phospholipids (189, 190) 
and appears to bd a nocessaiy preiBquisiid for TF function. In view of 
these observAilons. it was a sutprlse when Wncnnobe and cowoikers 
(191) demonstrated that solublo TP added into a difEiislon cbamber 
inducod nngiogenesia in currarod endodieltol cells. The effect was \xh 
MbSifid by antirlF amibodlBs and also by Fit, FVH and FDC and beoco 
wqa indepandsnt of dia coagulation padiway (191). This Implies duit 
dimeiiZEition of TF conld be a potendnl rtiechonism of mediating and/or 
enhancing ongiogenesU in die pctseiice of sohi1)le TF. This hypothosi^ 
may aba explain sonte of the 'diffstences in TF dependent VEGF 
Induction obsarvad in several studies. 

Conclusion 

An Increasing wiralier of itudioi dMionstme thai TF may participate 
in angiosflnBsis. vascytarisan'on.aod laoiDr m^tuissis. I^ta derived 
from clinical iiudles (indicating bn^y a correlation but not a causadve 
role) anddauiof geneiicaily bnaiiieered tumor cells pn>\ide evidenoe In 
some models ihdt TF iQ» htdeed, Involved In several dlfYereni aspects cf 
nimor cell biolojty. Howoverr the met mechdnism is not yet under« 
siood. Future studios loolina not only ai die rejulotioci of TF expression 
taVf also at die legularion of its ptAasphoiyladQn and signal transduirnon 
ore required. 
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